The effect of soil properti es on landmines detection using Microstrip antenna with corrugated ground between the two microstrip elements as a sensor has been investigated. The effect of the electrical properties of the soil as well as the shape of the soil surface on the detection capability of the sensor is studied. The Finite-Difference Time-Domain (FDTD) has been used to simulate the sensor for landmines detection.
Effects of Soil Physical Properties on Landmines Detection using Microstrip Antenna as a Sensor
Introduction
Landmines are a humanitarian challenge because they indiscriminately kill and maim civilians. The variety of environmental conditions in which mines can be found is enormous. Minefields are not only neat ordered rows of mines in flat deserts but can also be found among the debris of burnt-out buildings and postconflict urban and rural environments. Mine detection equipment has to be designed to work in a wide range of physical environments. Detection equipment must be able to operate in climatic conditions, which range from arid desert, hillside screen to overgrown jungle. Rain, dust, humidity and solar isolation must all be considered in the design and operation of equipment [1] [2] [3] . The mines encountered today come in a plethora of size and material and are buried at various depths , in various types of soil land under various conditions. A separatedaperture sensor , which consists of two parallel dipole antennas housed in comer reflectors that are separated by a metallic septum , has been investigated in [4] [5] [6] . Using the mutual coupling behavior between the two dipoles the presence of a buried target is determined. Recently two patch antennas have been proposed for the detection of buried land mines [7] [8] [9] [10] . The two microstrip antenna with corrugated ground plane as a sensor for landmines detection has been investigated. The corrugated ground between the two microstrip elements has the advantage of high surface impedance which leads to the reduction of the mutual coupling between the two microstrip antenn a, and hence increasing the detection capability of the sensor [9] .
The velocity of propagation is primarily governed by the relative permittivity of the material , which depends primarily upon its water content. Water has a relative permittivity of > 80 , while the solid constituents of most soils and man-made materials have, when dry, a relative dielectric constant e, in the range 2 to 9, the measured value e, for soil and building materials lie mainly between the range 4 to 40. A reflection occurs when the emitted signal encounters a surface between two electrically different materials. The intensity and direction of the reflection depend on two factors: the roughness of the surface and the electric property of the medium material. A rough surface reflects the incoming radiation in a diffused manner, while smooth surface tends to reflect at the same angle as the incoming radiation with respect to the surface normal. The electric property of the medium affects the direction and intensity of the reflection [3] .
The previous work by the authors [8] [9] [10] considered only the case of a soil with smooth surface. In this paper, the detection capability of the two parallel microstrip antenna with corrugated ground between the elements is investigated. A soil with rough ground surface, which is close to the practical case, containing a buried target is considered for the first time. Also, a soil consists of two layers with different electrical properties is investigated. A finite-difference time-domain (FDTD) technique is developed by the authors to simulate the problem of landmines detection. A brief analysis of FDTD technique is shown in section II, section III concludes the results , and the conclusions are given in section IV. Yee [11] discretized the space of the problem to small cubical cells and for each cell he locates the six field components to match the curl equations. The electric field vectors are located at the center of the cube edges and parallel to the cube edges, while the magnetic field vectors are located at the center of the cube faces and normal to the cube faces. The partial derivatives with respect to the space and time can be approximated using the central difference approximation. The six update equations of the magnetic and electric field components can be obtained as in [9] In this work, the FDTD method with IO-cell thick for uniaxial perfect matched layer (UPML) is used to simulated the far field condition. The space steps used in simulation are Llx =1.7308 mm i\y =1.60 14e mm , and Llz = 0.9415 mm. The time step, I1t , is selected to satisfy 0.9 of Courant limit., A Gaussian pulse with T = 66 ps is used as the excitation pulse. More details about the FDTD technique can be found in [12, 13] .
Numerical results
FDTD simulation has been carried out to show the detection capability of the sensor to detect a target buried inside soil. Different ground surface shapes and soils with different electrical properties are considered. The sensor consists of two microstrip patch with corrugated ground plane between the two patches as shown in Fig.I . Each patch has length L=II.690 em, patch width W=I8.865 em, substrate thickness d=0.283 em, the feed position of x=3.362 ern, y=9.432 em and the spacing between the two patches is A o/2=I8.987 cm.The resonance frequency f o=790 MHz. The corrugated ground plane is specified by slot width w s=0.IAo=37.976 em, the ridge thickness W c = 0.03A o=I.I39 em, while the depth is h=A o/4=I8.987 em [9] . One of the patches is considered as the transmitting antenna while the other patch is considered as the receiving antenna. The sensor is located in air at height h 2=2.8cm from the surface of the ground, while the metallic target is buried in the soil at depth d 2=7.6 ern. The geometry of the problem is shown in Fig.2 . When the sensor is moved over an empty soil, a small portion of the signal will be reflected from the surface of the ground back to the receiving antenna, causing a small mutual coupling between the transmitting and the receiving antennas. When the sensor is moved over a soil containing a buried target, the target reflects a portion of the radiated signal by the transmitting antenna back to the receiving antenna. Different types of soil have been investigated using FDTD simulations. The simulation includes the sensor construction, location in air, ground surface shape, the soil properties and the buried target. 
1). One layer soil
The sensor is placed over soil with smooth ground surface. The soil tends to reflect the signal at the same angle as the incoming radiation with respect to the surface normal. The soil is described as "loamy soil" with electrical properties of Er=2.9, 1lr=1.0, and 0' =0.02 Sim [3] . The buried target in the soil is circular metal target contains TNT materials. The target with diameter =11.0 em, height =5.5 em, and 0'=5.8xl0 7 Sim is used. Fig.3 shows the calculated mutual coupling, IS211 between the two antennas versus the operating frequency, without and with metallic circular target. The difference between the two cases is 14.5dB.
In the second case of study the soil is described as "red clay" with electrical properties of E r=8.1, Ilr=I.0, and 0' =0.038 Sim [3] . Fig.4 shows the calculated mutual coupling, IS211 as a function of the operating frequency, the difference between the two cases is about 12.6dB. It is noted that the amplitudes of IS211 are depending on the soil properties for the same target and ground surface.
Example (2). Two layer soil
The soil consists of two layers with different electrical properties. The first layer is described as "loamy dry soil" with electrical properties of Er1=2.9, 1lr1=1.0, and 0'1=0.1 Sim and with thickness = 5.157 em, the second layer of soil is described as "loamy wet soil" with an electrical properties Er2=5.0, 1lr2=1.0, and 0'2 =0.1 Sim as shown in Fig.5 . The target is locating in the second layer. Fig.6 depicts the calculated mutual coupling, IS211, resulting in the two cases of without and with metallic circular target. The difference between the two cases is about 10.88dB.
In the second case the soil consists of two layers. The first layer is described as "red clay dry soil" with electrical properties ofEr1=8.1, 1lr1=1.0, and 0'1 =0.0001 Sim and with thickness = 5.157cm, the second layer of soil is "red clay wet soil" with electrical properties Er2=15, Ilr2=1.0, and 0'2 =0.01 S/m. Fig.7 shows the calculated mutual coupling, IS211 as a function of the operating frequency, the difference between the two cases (without and with target) is 5.53dB. The detection capability of the sensor in this case has been decreased due to high electrical permittivity of the second soil layer.
In the last case, the first layer of soil is described as "red clay wet soil" with electrical properties Er1=15, 1lr1=1.0, and 0'1 =0.01 Sim and with thickness = 5.157em, the second layer of soil is "red clay dry soil" with electrical properties ofEr2=8.1, 1lr2=1.0, and 0'2 =0.0001 S/m. Fig.8 shows the calculated mutual coupling, IS211 as a function of the operating frequency, the difference between the two cases (without and with target) is about 11.85dB.
It is clear that the wet soil has more effect on the target detection. It decreases the possibility of detecting the buried object by decreasing the difference mutual coupling between the two antennas in case of without and with target.
Rough ground surface:
In this case two examples are considered:
Example (1). Rough ground with hemispherical shape
A rough ground surface is represented as a series of regular hemispheres. Each hemisphere with radius 3 ern and spacing between two spheres is 9 em as shown in Fig.9 . A rough ground surface tends to reflect the incoming radiation in a diffused manner. The soil is described as "loamy dry soil". The calculated mutual coupling IS211 as a function of the operating frequency is shown in Fig.l0 in case of without and with metallic circular target. The difference between the two cases is about 12.78dB.
Example (2). Rough ground with Staircase shape
The rough ground surface is modeled as a staircase ground surface; the soil is described as "loamy dry soil" shown in Fig.ll . In this case the depth of the target is d 3=3cm. The calculated the mutual coupling, IS211 as a function of the operating frequency as shown in Fig.12 shows. The difference between the two cases (without and with target) is about 13.1dB. Table 1 shows comparison of the mutual coupling factor /S211 for the cases of smooth ground surface and rough ground surfaces in both cases of without and with target. The possibility of detecting the buried object is decreased as the ground surface is coming rough compared with smooth ground. th NATIONAL RADIO SCIENCE CONFERENCE (NRSC2009)
The difference between the mutual coupling IS211 in case of without and with target is decreased compared with the case of smooth ground. 
Conclusion
FDTD technique has been used to simulate the effect of soil properties on landmines detection, using microstrip antennas as a sensor. The detection capability of the sensor over different ground surface shape and with different soil properties contain buried target has been investigated. The electrical properties of the soil, as well as the shape of the ground surface have affected the detection capabilities of the sensor. 
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